Introduction
Stacking of organometallic fragments or mol ecules is a general strategy to obtain coordination polymers. The repeat unit within these polymers or oligomers usually contains one or two jz ligands leading to different types of stacking. For instance, with boron-containing ring systems linear stacks or fragments of linear stacks were obtained [1] which are also known as oligodecker complexes. Linear stacks were also formed by the reaction of organic jt acceptors with metallocenes [2] and, finally, metallocenes could be assembled in a face-to-face arrangem ent by bridging with naphthalene [3] ,
Stepwise stacking is an alternative approach which starts with bridged j z ligands. For cyclopen-tadienyl (Cp) ligands it was realized recently by formal condensation of two Cps to conjugated sixmem bered rings [4] , In previous studies we have addressed stepwise stacking by using a building block concept where a metallocene is linked with C p_ through two silyl groups as represented by A [5] . The reaction of A with metal halides should lead to trimetallic model compounds which allow a convenient study of the interactions between dif ferent metallocenes. An obvious extension would be the analogous reaction of B to give coordi nation polymers. For the diamagnetic case M = Fe we have studied A and B in depth [5 a] , and pre liminary results dem onstrate that the building block concept also works for M = Ni [5 b] . H ere we report the details of the paramagnetic nickelocene building block.
Results and Discussion

A. Synthesis
The isomeric silyl-bridged cyclopentadienes l a and l b (Scheme 1) were converted to the m onoanion 2 as described previously [6] . Further reaction with an excess of C p" and with solvated nickel(II) bromide gave, after work-up, the mixedligand nickelocene 3 in 72% yield when di-^-butylether was used as solvent. In TH F the yield was 53%. NM R spectroscopy showed that two diastereoisomers 3 a and 3 b were formed in the ratio 51 1. This is in contrast to the iron analogue for which no anti isomer like 3b could be detected [5 a] . The mass spectrum and the elem ental analysis were in full accord with the anticipated formula. 3a and 3b are highly soluble in hexane and sensitive to oxygen; water splits off the cyclopentadiene part of the molecule.
The propensity of nickelocenes to react with alkyl lithium [7] led us to use lithium piperidide for the deprotonation of 3 a and 3b. A t -7 8 °C the reaction proceeded slowly as could be seen from the formation of the anion 4 which appeared as a green precipitate. However, when the mixture was heated to room tem perature before the reaction was finished, the mixture turned black above -4 0 °C. Impurities were removed from 4 by ex traction with hexane and the product was iden tified by 13C NM R spectroscopy. 
B. N M R Investigation o /3 a /b and 4
Analytically pure 3 gave a 29Si NM R spectrum ( Fig. 1) which consisted of two sets of two signals near -900 ppm, a range which was known from (M e3SiCp)2Ni [8] , The num ber and the pairwise different intensities of these signals indicated that the syn isomer 3 a and the anti isomer 3 b were present. As the smaller signals appeared as shoul ders, integration was perform ed with several pairs of 'H NMR signals yielding a ratio of 5/1. For the time being the bigger signals are assigned to 3 a because only the syn isomer was found for the cor responding ferrocene [5 a] . The param agnetic sig nal shifts at 298 K are: -904 and -933 ppm for 3a and -889 and -911 ppm for 3 b.
In order to establish the structure of 3 a and 3 b by *H and 13C NMR data series of tem peraturedependent spectra had to be investigated because the assignment of the paramagnetically shifted sig nals proved to be non-trivial. Typical spectra are represented in Figs. 2 and 3 while the numerical data are given in the experim ental part (Tables II  and III) .
For each isomer fifteen 13C NM R signals were ex pected. The six nickelocene signals (C 4a,5,6, 7,7a, and Cp) could not be localized owing to excessive broadening. Up to now corresponding signals were only found for nickelocenes which are more sym metric and/or more soluble [5 b, 9] , Fig. 2 displays nine small signals for 3 b but only eight big ones for 3 a because two signals coincide accidentally near 140 ppm. The coincidence could not be removed in the tem perature range 205 < T < 330 K, but the in tegration leaves no doubt about the assignment.
In the fully coupled spectrum multiplets due to one-bond CH couplings were observed in the ex perim ental shift range 2 5 0 > d > -5 0 . For 3 a the peak with double intensity, and two more peaks gave doublets (C 1,2,3,3 a), two gave quartets (two SiCH3) and one rem ained a singlet (C 8a). Similarly 3 b gave three doublets ( C 1,2,3), two quartets (two SiCH3), and one singlet (C 8 a). The signals of the SiCH3 groups were further distinguished based on the dihedral angles 6 between the S i-C H 3 bonds and the normals to the Cp planes. The normals are approximately parallel to the spin-containing car bon 2 pz orbitals of C 4 a/7 a which determine the hyperconjugative spin transfer to the CH3 nuclei [10] and thus the signal shift <3para (<3para = d>o + Bcos20, d 0 and B being constants). It was assumed that the angles are similar to those determ ined for the iron analogue of 3 a by X-ray crystallography [5 a] yield ing the following order of dihedral angles of the SiCH3 groups: a-SiC H 3 < (3-SiCH3 < < y-SiCH3< /?-SiCH3. Molecular models suggest that the same order applies for 3 b although the numerical values might change considerably. Thus the signals of a-/dSiCH3 must have much larger shifts to high fre quency than those of y-//3-SiCH3. This is in good agreement with the experim ent because only C H 3 groups are left for the assignment of the two big sig nals near 800 ppm. Although further distinction of a-and (3-SiCH3 as well as y-and /3-SiCH3 is possible by following 6 it must be regarded as tentative be cause the differences in 6 are now smaller.
A nother aid for the signal assignment is the extrapolation of the tem perature-dependent signal shifts. When 1/T approaches zero the signal shifts should be close to those of a diamagnetic analogue unless anomalies like antiferrom agnetic exchange, low-spin/high-spin equilibria, dynamic phenom ena and the like are present. Thus when we apply the extrapolation to the above-m entioned three dou blets of 3a we obtain <3 = 145 ± 5, 134 ± 5, and 65 ± 10 which compares well with C l/3 , C2, and C 3 a of the iron analogue of 3a having ö = 140.7/ 137.6, 132.4 and 57.7 [5 a] , respectively. C 3 a can be identified independently by its one-bond CH coup ling of 130 ± 10 Hz which is smaller than that of the vinyl-type carbon nuclei C 1 -3 (160 ± 10 Hz) as ex pected. No distinction is possible for C l/3 although the coincidence of the signals is lifted owing to different reference shifts obtained from C 1 and C3 of the iron analogue of 3 a. A diamagnetic ref erence com pound for 3 b is unknown. However, when we assume that the reference signal shifts do not change very much on going from the syn to the anti isomer C 1, C2, C3, and C 3 a can be identified similarly. In particular the neighbouring signals near 300 ppm (Fig. 2 ) may be distinguished in this way. Thus the d-l/T curve (cf . Table II) of the less shifted signal intersects the d axis near 60 ppm (C 3 a) whereas the curve of the m ore shifted sig nal has a smaller intercept (Cy). The overall as signment is summarized in Table I . In the 'H NM R spectrum the strongly shifted signals (Fig. 3A) of H 5,6,7 are poorly resolved for 3 a and 3 b, and those of the Cps coincide. The as signment is based on the relative signal areas and on the fact that for nickelocenes the signals of a silylated Cp are less shifted than those of an un substituted Cp [5 c] . No distinction is possible for H 5,6,7. Among the remaining signals shown in Fig. 3 and 3 ppm). They may be localized after changing the tem perature as dem onstrated in Fig. 3C . The SiCHj signals of 3 a are easily recognized by integration. From the l3C NM R results it is clear that the signals of H a and H6 must be more shifted than those of H/3 and Hy. F urther distinc tion of these pairs of signals tentatively follows the sequence of the ,3C NMR signals. The signal shifts obtained after extrapolating the tem perature-dependent data for T -> oo may also be used for the assignment. They are listed in Table I along with the reference shifts of the iron analogue of 3 a. It is gratifying that the extrapolated shifts and the reference data are well in accord. Nevertheless ambiguities remain for H 2 and H 3 as well as H ß and Hy.
Among the NMR data of 3 a and 3 b three points merit further comment. (1) Above 330 K some proton resonances start to coalesce. The reason is that in both molecules the cyclopentadiene moiety is engaged in 1,2-silatropic bond shifts. This phenom enon was not studied in detail because we have analysed it for the iron analogue of 3 a pre viously [5a]. (2) For 3a the signal of H 3 a is much broader than any other similarly shifted signal of the cyclopentadiene moiety (Fig. 3B ). This is due to excessive dipolar relaxation which in turn must follow from a short distance between the para magnetic metal center and the nucleus under study [10] . From the X-ray structure of the iron analogue of 3a [5a] we know that H 3 a selectively ap proaches the metal. Hence the signal width of H 3 a is a proof for the syn isomer. (3) If hypercon jugation determines the spin transfer from C 4 a and C 7 a to all other carbon atoms bound to Si4 and Si 8, respectively, then the sum of the d values for C a, Cß, and C 3a, and likewise for Cy, 0 5 , and C 8 a should be similar. Table I shows that this is true for 3 a (629 and 626 ppm, respectively) whereas a strong deviation is found for 3 b (801 and 292 ppm, respectively). We conlcude that some additional distortion is present in 3 b, prob ably a different bending of the bonds S i4 -C 4 a and S i8 -C 7 a out of the neighbouring Cp plane.
The product obtained after deprotonation of 3 a and 3b (Scheme 1) was studied by I3C (Figure 4) , 29Si, and 7Li NMR spectroscopy. In the 13C NMR spectra the one-bond CH coupling patterns and the signal areas were in accord with the assign ment of the signals between 20 and 150 ppm to a 1,2-disubstituted C p", which senses little spin, and to a methyl group. This meets the requirem ents of 4. A second methyl signal was located near 500 ppm after selective phase adjustment. Finally an unresolved and extremely broad feature was found near 1500 ppm which is typical for nickel ocene ring carbon atoms [9] . The details given in Table I show that the resonances of 4 appear in shift ranges that are known from the precursors 3 a and 3 b. This is also true for the 29Si NMR sig nal which has a paramagnetic shift at 298 K of -824 ppm.
In the 7Li NMR spectrum a signal with a half width of 60 Hz at 298 K was found at -4.1 ppm relative to an external saturated solution of lith ium iodide. The evaluation of the param agnetic signal shift is hampered by the lack of a suitable internal standard. It is clear, however, that if there is any spin transfer to the lithium ion it is small. This is in keeping with the small spin density found on the Cp~ moiety of 4.
A remarkable result is the large difference be tween the methyl cabon signal shifts (509 and 31.9 ppm). It indicates that the equilibrium structure in solution does not have a planar bridging ligand. Instead there must be a folding at the vector Si 4 -Si 8 which leads to different dihedral angles 6 be tween the S i-C H 3 bonds and the nickelocene j t system as discussed for 3 a and 3 b. The resulting shift difference does not allow to distinguish be tween two folding versions of 4: C p" may be bent away from the nickelocene or both moieties may approach. The latter version is suggested by X-ray results obtained for the iron analogue of 4 [5 a] . Hence a-and (3-CH3 will be axial and have the larger signal shift.
Experimental
The syntheses and spectroscopic investigations were carried out under purified dinitrogen or ar gon in dry and oxygen-free solvents. Equipm ent purchased from Kronwald was used for medium pressure liquid chromatography (MPLC) as de scribed previously [5 a] , The elemental analyses were obtained from the microanalytical laboratory of this institute. In ppm relative to TMS for carbon atoms other than C 4 a, 5, 6, 7, 7 a and Cp; b overlapping signals.
The NM R spectra were recorded with a Bruker CXP 200 and a Jeol JNM GX 270 spectrometer by using tubes with ground glass fittings and stoppers. All signals were measured relative to solvent peaks, and the shifts were calculated relative to TMS. Exceptions were 29Si and 7Li NM R for which (M e3Si)20 (d(29Si) = 6.9) and a saturated solution of Lil in water were used, respectively. Subsequent calculation relative to isostructural iron compounds [5 a] gave the paramagnetic signal shifts. The tem perature-dependent data are col lected in Tables II and III . In order to obtain standard shifts at 298 K data obtained near 298 K were transform ed according to the Curie law or tem perature-dependent measurements were inter polated. The mass spectrum was recorded with a Varian MAT 311 A instrument. 3.6 ml of a 1.72 M solution of n-BuLi in hexane was transferred to 1.5 g (6.2 mmol) of la /b in 50 ml of T H F while keeping the mixture at -7 8 °C. A fter slow heating and adding 60 ml of a 0.56 M solution of NaCp in TH F the mixture became clear. It was diluted with 50 ml of h-Bu20 and heated in an oil bath to 75 °C. W hen 7.0 g (21.4 mmol) of NiBr2(T H F )t 5 was added under stirring the colour changed immediately to dark green and, when an excess of the nickel salt was present, to blue-violet. The m ixture was stirred over night, the solvents were stripped, and the rem ainder was extracted with 100 ml of pentane and washed sev eral times with 10 ml-portions of pentane. The combined extracts were freed from the solvent, and most of Cp2Ni was removed from the solid by sublimation (IP a , 40 °C bath tem perature). The rem ainder was dissolved in a minimum of pentane and subjected to M PLC (column length/diam eter 50/2.6 cm; silica Merck 60, 15-40 /im; eluent pen tane). The first small band contained Cp2Ni. It was followed by a green main band which, after re moval of pentane, afforded 1.64 g (72% relative to la /b ) of green microcrystals of 3 a and 3b. In tolu ene solution the ratio of 3a/3b was 5/1 for 213 K < T < 303 K (NM R). Sublimation (0.1-0.01 
Deprotonation o f 3 a and 3 b
The mixture of 3 a and 3 b obtained in the pre vious section was dissolved at -7 8 °C in 300 ml of hexane and added via canula to a cooled suspen sion of 3.7 mmol of lithium piperidide in 50 ml of hexane freshly prepared from 0.25 ml (3.7 mmol) of piperidine and 5.3 ml of a 1.7 M solution of nBuLi in hexane. The mixture was stirred at -7 8 °C for 16 h and allowed to come to room tem perature within another 16 h. The green cloudy precipitate which had formed was freed from the excess of neutral nickelocenes by extracting them with hex ane until the extract was colorless. When the re maining solid was dried in vacuo and dissolved in THF the 13C NMR spectrum showed the signals of the anion 4.
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